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1
SEMICONDUCTOR DEVICE AND
OPERATING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority of Korean Patent
Application No. 10-2012-0060066, filed on Jun. 4, 2012,
which is incorporated herein by reference in its entirety.

BACKGROUND

1. Technical Field

Embodiments of the present invention generally relate to a
semiconductor device and an operating method thereof, and
more particularly, to a semiconductor device capable of pre-
venting data of cells from being damaged by word line dis-
turbance of a semiconductor memory device, and an operat-
ing method thereof.

2. Related Art

With the increase in the integration degree of a semicon-
ductor memory device, a coupling effect between word lines
has increased. Accordingly, when the number of operations
for a word line to toggle between an activated state and a
deactivated state increases, the data of cells connected to an
adjacent word line may be damaged due to a coupling effect
between word lines.

For example, in the case of DRAM, electromagnetic waves
generated while a word line toggles introduces electrons to
the capacitors of cells connected to an adjacent word line or
discharges electrons from the capacitors, thereby damaging
data.

Such a word line disturbance issue cannot be solved
through the conventional technology. For example, in the case
of DRAM, data within the cells may be damaged by word line
disturbance even before a refresh period. Therefore, the word
line disturbance issue cannot be solved through a refresh
operation.

SUMMARY

Various embodiments are directed to a semiconductor
device capable of preventing cell data from being damage by
word line disturbance and an operating method thereof.

In an embodiment, an operating method of a semiconduc-
tor device includes: receiving a request for a first memory
device; determining a data damage risk of cells connected to
a second signal line adjacent to a first signal line of the first
memory device corresponding to a requested address, by
referring to information indicating a data damage risk; and
storing data of the cells connected to the second signal line in
the second memory device when determining that there is a
data damage risk.

The operating method may further include processing the
request on the second memory device instead of the first
memory device, when data corresponding to the requested
address exist in the second memory device.

The operating method may further include suspending the
request for the first memory device when there is the data
damage risk.

The operating method may further include resuming pro-
cessing the request of the first memory device after the storing
of the data of the cells in the second memory device.

The operating method may further include updating the
information indicating the data damage risk when determin-
ing that there is no data damage risk.
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2

The information indicating the data damage risk may be
stored in the third memory device.

The first memory device may include a volatile memory
device.

When a refresh operation was performed on the first
memory device, the information indicating the data damage
risk may be invalidated.

The information indicating the data damage risk may
include the number of selections for the first signal line.

In the determining of the data damage risk, when the num-
ber of selections for the first signal line exceeds a critical
point, it may be determined that there is the data damage risk.

The operating method may further include resetting the
number of selections for the first signal line when it is deter-
mined that there is a data damage risk.

The operating method may further include updating the
number of selections for the first signal line when determin-
ing that there is no data damage risk.

The information indicating the data damage risk may
include a count value for the second signal line.

In the determining of the data damage risk, when the count
value for the second signal line exceeds a critical point, it may
be determined that there is a data damage risk.

The operating method may further include resetting the
count value for the second signal line when it is determined
that there is the data damage risk.

The operating method may further include updating the
count value for the second signal line when determining that
there is no data damage risk.

The operating method may further include may further
include resetting a count value for the first signal line when
determining that there is no data damage risk.

In an embodiment, a semiconductor device includes: a
controller configured to control a first memory device to
process a request for the first memory device; and a second
memory device. The controller receives the request for the
first memory device, determines a data damage risk of cells
connected to a second signal line adjacent to a first signal line
of the first memory device corresponding to a requested
address by referring to information indicating a data damage
risk, and stores data of the cells connected to the second signal
line in the second memory device when determining that
there is a data damage risk.

The controller may process the request on the second
memory device instead of the first memory device, when data
corresponding to the requested address exist in the second
memory device.

The controller may update the information indicating the
data damage risk when determining that there is no data
damage risk.

The controller may suspend processing the request for the
first memory device when there is the data damage risk.

The controller may resume processing the request for the
first request device after the data are stored in the second
memory device.

The semiconductor device may further include a third
memory device configured to store the information indicating
the data damage risk.

The first memory device may include a volatile memory
device.

The controller may reset the information indicating the
data damage risk when a refresh operation was performed on
the first memory device.

The information indicating the data damage risk may
include the number of selections for the first signal line.
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When the number of selections for the first signal line
exceeds a critical point, the controller may determine that
there is a data damage risk.

The controller may reset the number of selections for the
first signal line when determining that there is the data dam-
age risk.

The controller may update the number of selections for the
first signal line when determining that there is no data damage
risk.

The information indicating the data damage risk may
include a count value for the second signal line.

When the count value for the second signal line exceeds a
critical point, the controller may determine that there is a data
damage risk.

The controller may reset the count value for the second
signal line when determining that there is the data damage
risk.

The controller may update the count value for the second
signal line when determining that there is no data damage
risk.

The controller may reset the count value for the first signal
line when determining that there is no data damage risk.

The first and second signal lines may include a word line.

In an embodiment, a system includes a semiconductor
memory device including a signal line and a control device
configured to control the semiconductor memory device. The
control device includes a first memory device and a controller.
The controller receives a request for the semiconductor
memory device, determines a data damage risk of cells con-
nected to a second signal line adjacent to a first signal line of
the semiconductor memory device corresponding to a
requested address by referring to information indicating a
data damage risk, and stores data of the cells connected to the
second signal line in the first memory device when determin-
ing that there is a data damage risk.

The controller may process the request on the first memory
device instead of the semiconductor memory device, when
data corresponding to the requested address exist in the first
memory device.

The controller may update the information indicating the
data damage risk when determining that there is no data
damage risk.

The controller may suspend processing the request for the
semiconductor memory device when there is the data damage
risk.

The controller may resume processing the request for the
firstrequest device after the data are stored in the first memory
device.

The semiconductor device may further include a second
memory device configured to store the information indicating
the data damage risk.

The semiconductor memory device may include a volatile
memory device.

The controller may reset the information indicating the
data damage risk when a refresh operation was performed on
the semiconductor memory device.

The information indicating the data damage risk may
include the number of selections for the first signal line.

When the number of selections for the first signal line
exceeds a critical point, the controller may determine that
there is a data damage risk.

The controller may reset the number of selections for the
first signal line when determining that there is the data dam-
age risk.

The controller may update the number of selections for the
first signal line when determining that there is no data damage
risk.
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The information indicating the data damage risk may
include a count value for the second signal line.

When the count value for the second signal line exceeds a
critical point, the controller may determine that there is a data
damage risk.

The controller may reset the count value for the second
signal line when determining that there is the data damage
risk.

The controller may update the count value for the second
signal line when determining that there is no data damage
risk.

The controller may reset the count value for the first signal
line when determining that there is no data damage risk.

The first and second signal lines may include a word line.

In an embodiment, an electronic device includes: a row
access controller configured to control a memory cell array to
process a request for the memory cell array; and a buffer;
wherein the row access controller receives the request for the
memory cell array, determines a data damage risk of cells
connected to a second signal line adjacent to a first signal line
of the memory cell array corresponding to a requested
address by referring to information indicating a data damage
risk, and stores data of the cells connected to the second signal
line in the buffer when determining that there is a data damage
risk.

In an embodiment a memory system includes: a semicon-
ductor memory device; and a memory controller including a
semiconductor device, the semiconductor device including: a
row access controller configured to control the semiconduc-
tor memory device to process a request for the semiconductor
memory device; and a buffer; wherein the row access con-
troller receives the request for the semiconductor memory
device, determines a data damage risk of cells connected to a
second signal line adjacent to a first signal line of the semi-
conductor memory device corresponding to a requested
address by referring to information indicating a data damage
risk, and stores data of the cells connected to the second signal
line in the buffer when determining that there is a data damage
risk.

In an embodiment a computing system including a
memory system and a central processing unit, the memory
system including a memory controller and a semiconductor
memory device, and the memory controller includes a semi-
conductor device, the semiconductor device including: a row
access controller configured to control the semiconductor
memory device to process a request for the semiconductor
memory device; and a buffer; wherein the row access con-
troller receives the request for the semiconductor memory
device, determines a data damage risk of cells connected to a
second signal line adjacent to a first signal line of the semi-
conductor memory device corresponding to a requested
address by referring to information indicating a data damage
risk, and stores data of the cells connected to the second signal
line in the buffer when determining that there is a data damage
risk.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating a semiconductor
device in accordance with an embodiment of the present
invention.

FIG. 2 is block diagram illustrating a semiconductor device
in accordance with an embodiment of the present invention.

FIG. 3 is block diagram illustrating a semiconductor device
in accordance with an embodiment of the present invention.

FIG. 4 is a block diagram illustrating a counter in accor-
dance with the embodiments of the present invention.
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FIG. 5 is ablock diagram illustrating a buffer in accordance
with the embodiments of the present invention.

FIG. 6 is a flowchart illustrating an operation method of the
semiconductor device in accordance with an embodiment of
the present invention.

FIG.7is a flowchart illustrating an operation method of the
semiconductor device in accordance with an embodiment of
the present invention.

FIG. 8 is a view illustrating a memory system according to
an embodiment of the present invention; and

FIG. 9 is a view illustrating a computing system according
to an embodiment of the present invention.

DETAILED DESCRIPTION

Various embodiments will be described below in more
detail with reference to the accompanying drawings. The
present invention may, however, be embodied in different
forms and should not be construed as limited to the embodi-
ments set forth herein. Rather, these embodiments are pro-
vided so that this disclosure will be thorough and complete,
and will fully convey the scope of the present invention to
those skilled in the art. Throughout the disclosure, like refer-
ence numerals refer to like parts throughout the various fig-
ures and embodiments of the present invention.

In the embodiments of the present invention, a semicon-
ductor memory device may include a memory cell array
including word lines, and the type of the semiconductor
memory device is not specified. Therefore, the semiconductor
memory device may be configured as a volatile memory
device such as DRAM or a nonvolatile memory device such
as MRAM, STT-RAM, Flash memory, PCRAM, or ReRAM,
etc.

FIG. 1 is a block diagram illustrating an electronic device
including a semiconductor device 100 and a semiconductor
memory device 1 in accordance with an embodiment of the
present invention.

The semiconductor device 100 in accordance with the
embodiments of the present invention may be included in a
controller such as a memory controller to control a semicon-
ductor memory device 1, or may be implemented separately
from the controller.

The semiconductor device 100 in accordance with the
embodiments of the present invention may include a row
access controller 110, a counter 120, and a buffer 130.

The row access controller 110 may be configured to receive
a request for the semiconductor memory device 1 and deter-
mine whether or not there is a risk that data of cells connected
to a word line adjacent to a word line within a memory cell
array 2 corresponding to a requested address will be damaged
(hereafter, referred to as a data damage risk), by referring to
information indicating the data damage risk.

When determining that there is a data damage risk, the row
access controller 110 may control the buffer 130 to store the
data of the cells connected to the adjacent word line.

In these embodiments of the present invention, how many
times the word line corresponding to the requested address
has been selected may be used as the information indicating
the data damage risk. That is, the data damage risk is deter-
mined based on whether or not the number of selections
exceeds a critical point. In an embodiment, the data damage
risk of the cells connected to the adjacent word line may be
determined based on a different criterion.

In these embodiments of the present invention, the adjacent
word line may include one or two word lines next to a word
line corresponding to a requested address. In an embodiment,
the adjacent word line may include word lines positioned in a
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predetermined range from a selected word line as well as a
word line next to a word line corresponding to a request
address. For example, the adjacent word line may include
eight word lines, 16 word lines, or a different number of word
lines around a selected word line.

In these embodiments of the present invention, the row
access controller 110 may process a request on the buffer 130
instead of the semiconductor memory device 1, when data
corresponding to the requested address exist in the buffer 130.

Thatis, word line addresses at which it was determined that
there is a data damage risk and data corresponding to the
addresses are transferred and stored in the buffer 130, and
requests for the corresponding addresses are processed by the
buffer 130 instead of the semiconductor memory device 1,
while the addresses within the buffer 130 are maintained to be
valid.

In these embodiments of the present invention, an experi-
mentally-set value may be used as the critical point serving as
acomparison reference value. The critical point may have the
same value regardless of the positions of word lines, and may
have different values depending on the positions of word
lines. Information on the critical point may be stored in the
row access controller 110, the counter 120, or another
memory device (not illustrated).

In these embodiments of the present invention, the number
of selections for a word line is stored in the counter 120. The
row access controller 110 may control the counter 120 so as to
check the number of selections for a word line corresponding
to a requested address. The row access controller 110 may
control the counter 120 to update or reset the number of
selections for a word line or invalidate the number of selec-
tions for a word line.

The specific operation of the row access controller 110 will
be described in more detail with reference to FIGS. 6 and 7.

The structure of the counter 120 in accordance with the
embodiments of the present invention is illustrated in FIG. 4.
The counter 120 may include an address field and a count
field.

In these embodiments of the present invention, the address
field and the count field store a word line address (row
address) of the memory cell array 2 and information on the
number of selections (access number) for the corresponding
word line, respectively.

Inan embodiment, the count field may not store the number
of selections for the word line corresponding to the address,
but store the number of selections for a word line adjacent to
the corresponding word line. In this case, the number of
selections for a word line corresponding to a requested
address may be checked by referring to a count value for the
address of a word line adjacent to the requested address.
These embodiments will be described in detail with reference
to FIGS. 6 and 7.

FIG. 5 illustrates the structure of the buffer 130 in accor-
dance with the embodiments of the present invention. The
buffer 130 may include a valid field, an address field, and a
data field.

The address field and the data field store a word line
address (row address) of the memory cell array 2 and data of
cells connected to the corresponding word line, respectively.

The valid field indicates whether or not the corresponding
line of the buffer 130 contains valid information. Therefore,
when new information is to be stored in the buffer 130, a line
of which the valid field is deactivated may be first selected.
Furthermore, only lines of which the valid fields are activated
may be searched to check whether or not the buffer 130
replaces the memory cell array 2 for a requested address.
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FIG. 2is block diagram illustrating a semiconductor device
100 in accordance with an embodiment of the present inven-
tion.

In these embodiments of the present invention, the semi-
conductor device 100 is implemented as a part of a controller
to control the semiconductor memory device 1. At this time,
the controller may be implemented as a memory controller or
CPU, for example, but is not limited thereto.

The semiconductor device 100 in accordance with the
embodiments of the present invention may include a row
access controller 110, a counter 120, a buffer 130, and a
control selector 140.

Furthermore, the semiconductor device 100 in accordance
with the embodiments of the present invention may further
include a request buffer 10, an address mapping block 20, an
arbitration block 30, a command generator 40, a refresh con-
troller 50, a data buffer 60, and an ECC (i.e., error correction
code) block 70. The request buffer 10 may be configured to
temporarily store an external request. The address mapping
block 20 may be configured to convert a requested address
into an address of the memory cell array 2. The arbitration
block 30 may be configured to set the processing sequence of
a plurality of external requests when the plurality of external
requests are made. The command generator 40 may be con-
figured to generate a control command for controlling the
semiconductor memory device 1 according to a request. The
refresh controller 50 may be configured to control a refresh
operation of the semiconductor memory device 1. The data
buffer 60 may be configured to temporarily store data. The
ECC block 70 may be configured to additionally store data
parity in the memory cell array 2 and determine whether or
not an error exists in data outputted from the memory cell
array 2, through the stored parity.

The specific operations of the request buffer 10, the address
mapping block 20, the arbitration block 30, the command
generator 40, the refresh controller 50, the data buffer 60, and
the ECC block 70 are performed in substantially the same
manner as those included in a conventional memory control-
ler. Therefore, the detailed descriptions thereof are omitted
herein.

The basic operations of the row access controller 110, the
counter 120, and the buffer 130 included in the semiconductor
device in accordance with the embodiments of the present
invention may be performed in the same manner as the
embodiments associated with FIG. 1 of the present invention.

When determining that the number of selections for a
requested word line exceeds a critical point, the row access
controller 110 temporarily suspends a current request, and
registers data of cells adjacent to the requested word line in
the buffer 130.

For this operation, the row access controller 110 controls
the control selector 140 to provide a command and address
generated by the row access controller 110 to the semicon-
ductor memory device 1 instead of a control command and
address generated by the command generator 40.

As described above, comparing the number of selections
for the requested word line to the critical point is one of
methods for determining a data damage risk of cells con-
nected to a word line adjacent to the corresponding word line.
Inan embodiment, a data damage risk of cells connected to an
adjacent word line may be determined according to a different
method.

When there is no risk that data of cells connected to the
adjacent word line will be damaged, the row access controller
110 may control the control selector 140 to provide the con-
trol command and address outputted from the command gen-
erator 40 to the semiconductor memory device 1.
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Furthermore, the row access controller 110 needs to tem-
porarily suspend processing a currently-requested command
while the data of the cells connected to the adjacent word line
are stored in the buffer 130.

For this operation, the row access controller 110 may pro-
vide a signal to the arbitration block 30 to make a request for
temporarily suspending the operation. When the operation of
storing the data of the cells connected to the adjacent word
line in the buffer 130 is completed, the row access controller
110 may provide a signal to the arbitration block 30 to make
a request for resuming the suspended operation.

The operation of the arbitration block 30 to temporarily
suspend the operation or resume the suspended operation
according to a control signal while maintaining a current state
may be easily implemented by those skilled in the art, and the
detailed descriptions thereof are omitted herein.

FIG. 3 is a block diagram illustrating a semiconductor
device 100 in accordance with an embodiment of the present
invention.

The semiconductor device 100 in accordance with the
embodiments of the present invention may include a memory
cell array 2 embedded therein. Therefore, the semiconductor
device 100 in accordance with the embodiments of the
present invention may be referred to as a semiconductor
memory device.

Although not illustrated, the semiconductor device in
accordance with the embodiments of the present invention
may include components required to control general opera-
tions of the semiconductor memory device, such as an opera-
tion of inputting and outputting data to and from the memory
cell array 2 or an operation of refreshing the memory cell
array 2.

In FIG. 3, the memory controller 3 generates a control
command/address according to an external request, and con-
trols an operation of inputting and outputting data to and from
the memory cell array 2 inside the semiconductor device 100
in accordance with the embodiments of the present invention.

Since the configuration and operation of the memory con-
troller 3 illustrated in FIG. 3 are well known, the detailed
descriptions thereof are omitted. The memory controller 3
may be independently implemented, and may be included in
another component such as a CPU.

The configurations and operations of the row access con-
troller 110, the counter 120, and the buffer 130 in accordance
with the embodiments of the present invention are the same as
described above.

In these embodiments of the present invention, the row
access controller 110 receives a command/address transmit-
ted from the memory controller 3, controls the bufter 130 to
check the number of selections for a word line of the memory
cell array 2 corresponding to a requested address, and then
compares the number of selections to a critical point.

When the number of selections exceeds the critical point,
the row access controller 110 may generate a command/
address for storing data of cells connected to an adjacent word
line in the buffer 130 before processing a request for the word
line of the requested address, and may control the memory
cell array 2 according to the command/address.

When the operation of storing the data of the cells con-
nected to the adjacent word line in the buffer 130 is com-
pleted, the row access controller 110 may process an original
request which has been temporarily suspended.

In order to temporarily suspend a current request, the row
access controller 110 may request the memory controller 3 to
temporarily suspend the operation while maintaining the cur-
rent request in a queue. This operation may be implemented
by temporarily suspending the operation of the arbitration
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block 30 inside the memory controller as described with
reference to FIG. 2. For this operation, the row access con-
troller 110 may provide a response signal for requesting tem-
porary suspension to the memory controller 3.

Then, the row access controller 110 performs an operation
of storing the data of the cells connected to the adjacent word
line in the buffer 130.

Next, the row access controller 110 may request the
memory controller 3 to resume the operation. This operation
may be implemented by resuming the operation of the arbi-
tration block 30 inside the memory controller as described
with reference to FIG. 2.

For this operation, the row access controller 110 may pro-
vide a response signal for requesting resumption to the
memory controller 3.

The operation of temporarily suspending and resuming a
current request may be embodied in a different manner.

In these cases, the semiconductor device 100 may not
provide a response for requesting temporary suspension or
resumption to the memory controller 3.

In these cases, the semiconductor device 100 may further
include a memory (not illustrated) to temporarily store a
command/address received from the memory controller 3
while the data of the cells connected to the adjacent word line
are stored in the buffer 130.

Furthermore, the semiconductor device 100 may further
include a selector (not illustrated) to selectively apply one of
a command received from the memory controller 3 and a
command generated from the row access controller 110 to the
memory cell array 2.

At this time, the semiconductor device 100 may provide a
response signal to the memory controller 3, the response
signal indicating that the request for the address requested
from the memory controller 3 was completely processed. The
memory controller 3 receiving the response signal may pro-
vide a command/address for the next request to the semicon-
ductor device 100.

The time required for temporarily suspending a current
request, storing data of cells connected to an adjacent word
line in the buffer 130, and then processing the current request
may differ from the time required for simply processing the
current request. In these cases, a response signal may be used
for normal interaction with the memory controller 3. How-
ever, when there is no problem in timing, a separate response
signal may not be provided to the memory controller 3.

Hereafter, an operating method of the semiconductor
device in accordance with the embodiments of the present
invention will be described with reference to FIGS. 6 and 7.

FIGS. 6 and 7 determine a risk that data of cells connected
to a word line adjacent to a word line corresponding to a
requested address will be damaged, based on the number of
selections for the requested word line.

FIG. 6 illustrates an operation of registering the number of
selections for a word line where the value of a count field of
FIG. 4 corresponds to the value of an address field. FIG. 7
illustrates an operation of registering the number of selections
for a word line adjacent to a word line where the value of a
count field of FIG. 4 corresponds to the value of an address
field.

FIG. 6 is a flowchart illustrating an operating method of the
semiconductor device 100 in accordance with an embodi-
ment of the present invention

In these embodiments of the present invention, the number
of selections for a word line where the value of a count field
corresponds to the value of an address field is registered.
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The control operation is performed by the row access con-
troller 110, and the row access controller 110 may control the
counter 120 and the buffer 130 to perform operations.

When there is no request, the memory controller 3 waits for
arequestat step S100. In the embodiments illustrated in FIG.
3, the row access controller 110 waits for a command from the
memory controller 3 that first received an external request.

The row access controller 110 determines whether or not a
requested address exists in the buffer 130, at step S120
(Buffer Hit?). At this time, the row access controller 110
checks whether or not a corresponding address exists in lines
where the valid field of the buffer 130 is activated.

When the requested address exists in the bufter 130 (i.e.,
Yes), the row access controller 110 processes the request on
the buffer 130 instead of the memory cell array 2 at step S121
(Access Buffer).

When the requested address does not exist in the buffer 130
(i.e., No), the row access controller 110 determines whether
or not a command corresponding to the received request is a
command to activate a word line, at step S130 (Active?). In
these embodiments of the present invention, a toggling opera-
tion in which a word line is activated and deactivated may be
sensed.

Therefore, when the command is not an activation com-
mand to change a word line from a deactivated state to an
activated state (i.e., No), access to the memory cell array 2 is
performed at step S131 (Access DRAM).

In an embodiment, a command to change a word line from
an activated state to a deactivated state may be sensed instead
of'the command to change a word line from a deactivated state
to an activated state.

In an embodiment, the command to change a word line
from a deactivated state to an activated state or the command
to change a word line from an activated state to a deactivated
state may be sensed.

In each case, the value of a critical point N serving as a
comparison reference at the following step S140 may differ
(for example, N may be a natural number).

At the step S140 (Line Count >N?), the row access con-
troller 110 determines whether or not the number of selec-
tions for aword line of the memory cell array 2 corresponding
to the requested address (word line address, row address)
exceeds the critical point N.

Although not illustrated, when the requested address infor-
mation does not exist in the counter 120, the row access
controller 110 may control the counter 120 to register the
requested address. At this time, the count value corresponding
to the newly-registered address may be reset to 1.

When the number of selections does not exceed the critical
point (i.e., No), the row access controller 110 controls the
counter 120 to increase the number of selections at step S141
(Increase count of Current Row), and access to the memory
cell array 2 is performed at step S131 (Access DRAM).

When the selection number exceeds the critical point (i.e.,
Yes), the row access controller 110 temporarily suspends a
current request for a word line of the memory cell array 2
corresponding to the requested address at step S143 (Suspend
Current Request), secures a storage space in the buffer 130 at
step S144 (Validate Buffer), and registers the address of a
word line adjacent to the corresponding word line and the
values of cells connected to the adjacent word line at step
S145 (Copy adjacent page from DRAM to Buffer). At this
time, the value of the corresponding valid field of the buffer
130 is activated.

Inthese embodiments of the present invention, the adjacent
word line may include one or two word lines next to a word
line corresponding to a requested address. In an embodiment,
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the adjacent word line may include a plurality of word lines
positioned in a predetermined range from a selected word line
as well as a next word line. For example, the adjacent word
line may include eight, 16, or a different number of word lines
around the selected word line.

In the embodiments illustrated in FIG. 2, the step S143 of
suspending a current request for the word line corresponding
to the requested address may be performed as the row access
controller 110 temporarily suspends the operation of the arbi-
tration block 30.

An operation of processing the temporarily-suspended cur-
rent request may be performed immediately after the step
S145 of storing the data of the cells connected to the adjacent
word line in the buffer, before the loop is ended.

In an embodiment, however, the temporarily-suspended
request may not be processed after the step S145, but may be
maintained in a queue storing requests so as to be processed at
step S131 of the next loop.

When the semiconductor memory device 1 is a volatile
memory device such as DRAM, a refresh operation may be
performed at a predetermined interval on the entire or a part of
the memory cell array 2.

When the refresh operation is performed, the data stored in
the buffer 130 may be registered in a corresponding address of
the memory cell array 2. Through this operation, the corre-
sponding space of the buffer 130 may be reused.

When the refresh operation is performed, the value of the
count field may be reset or deleted.

FIG.7is aflowchart illustrating an operating method of the
semiconductor device 100 in accordance with an embodi-
ment of the present invention.

In these embodiments of the present invention, the number
of selections for a word line where the value of a count field
corresponds to the value of an address field is registered.

The control operation is performed by the row access con-
troller 110, and the row access controller 110 may control the
counter 120 and the buffer 130 to perform operations.

When there is no request, the memory controller 3 waits for
a request at step S100 (Wait for Request). In FIG. 3, the row
access controller 110 waits for a command from the memory
controller 3 that first received an external request.

The row access controller 110 determines whether or nota
requested address exists in the buffer 130 at step S120 (Buffer
Hit?). At this time, the row access controller 110 checks
whether or not the corresponding address exists in lines where
the valid field of the buffer 130 is activated.

When the requested address exists in the buffer 130 (i.e.,
Yes), the row access controller 110 processes the request on
the buffer 130, instead of the memory cell array 2 at step S121
(Access Buffer).

When the requested address does not exist in the buffer 130
(i.e., No), the row access controller 110 determines whether
or not a command corresponding to the received request is a
command to activate a word line, at step S130 (Active ?). In
these embodiments of the present invention, a toggling opera-
tion in which a word line is activated and deactivated may be
sensed.

Therefore, when the command is not an activation com-
mand to change a word line from a deactivated state to an
activated state (i.e. No), access to the memory cell array 2 is
performed at step S131 (Access DRAM).

In an embodiment, a command to change a word line from
an activated state to a deactivated state may be sensed instead
of'the command to change a word line from a deactivated state
to an activated state.
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In an embodiment, the command to change a word line
from a deactivated state to an activated state or the command
to change a word line from an activated state to a deactivated
state may be sensed.

In each case, the value of a critical point N serving as a
comparison reference at the following step S140 may differ.

At the step S140 (Adjacent Line Count>N?), the row
access controller 110 determines whether or not the number
of selections for a word line of the memory cell array 2
corresponding to the requested address (word line address,
row address) exceeds the critical point N.

In these embodiments of the present invention, the number
of'selections for the word line corresponding to the requested
address may be recognized by checking a count value corre-
sponding to an address corresponding to the word line adja-
cent to the requested address in the counter 120.

Although not illustrated, when the address information
corresponding to the word line adjacent to the requested
address does not exist in the counter 120, the row access
controller 110 may control the counter 120 to add the address
information corresponding to the adjacent word line. At this
time, the count value corresponding to the newly-added
address may be reset to 1.

When the number of selections does not exceed the critical
point (i.e., No), the row access controller 110 controls the
counter 120 to increase the count value for the address cor-
responding to the adjacent word line at step S141 (Increase
count of Adjacent Row). Furthermore, while the request for
the requested word line is performed, data may be newly
registered or existing data may be refreshed. Accordingly, it
may be considered that a word line disturbance effect in
which the requested word line is influenced by the adjacent
word line was completely removed.

Therefore, the row access controller 110 may control the
counter 120 to reset the count value corresponding to the
address of the requested word line at step S142 (Flush Count
of Corresponding Row). In an embodiment, the count value
may be invalidated as the counter 120 deletes the address
information corresponding to the requested word line.

Then, a current request for the memory cell array 2 is
processed at step S131 (Access DRAM).

When the number of selections exceeds the critical point
(i.e., Yes), the row access controller 110 temporarily suspends
a current request for the word line of the memory cell array 2
corresponding to the requested address at step S143 (Suspend
Current Request), secures a predetermined storage space in
the buffer 130 at step S144 (Validate Buffer), and registers the
address of a word line adjacent to the requested word line and
the values of cells connected to the adjacent word line in the
secured address and data field at step S145 (Copy adjacent
page from DRAM to Buffer).

Inthese embodiments of the present invention, the adjacent
word line may include one or two word lines next to a word
line corresponding to a requested address. In an embodiment,
the adjacent word line may include a plurality of word lines
positioned in a predetermined range from a selected word line
as well as a next word line. For example, the adjacent word
line may include eight, 16, or a different number of word lines
around the selected word line.

In the embodiments illustrated in FIG. 2, the step S143 of
temporarily suspending a current request for the word line
corresponding to the requested address may be performed as
the row access controller 110 temporarily suspends the opera-
tion of the arbitration block 30.

An operation of processing the temporarily-suspended cur-
rent request may be performed immediately after the step
S145, before the loop is ended.
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In an embodiment, however, the temporarily-suspended
request may not be processed after the step S145, but may be
maintained in a queue storing requests so as to be processed at
step S131 of the next loop.

When the semiconductor memory device 1 is a volatile
memory device such as DRAM, a refresh operation may be
performed on the entire or a part of the memory cell array 2 at
a constant interval.

When the refresh operation is performed, the data stored in
the buffer 130 may be registered in cells corresponding to the
address. Through this operation, the corresponding space of
the buffer 130 may be reused.

When the refresh operation is performed, the value of the
count field may be reset or deleted.

FIG. 8 is a block diagram illustrating a memory system
according to an embodiment of the present invention.

In FIG. 8, the memory system 800 of the present embodi-
ment may include a semiconductor memory device 820 and a
memory controller 810.

The semiconductor memory device 820 may include the
semiconductor memory devices described above with refer-
ence to FIGS. 1 through 7. As such, the semiconductor
memory device 820, of memory system 800, may be config-
ured as a nonvolatile memory device or as a volatile memory.
FIG. 8 depicts a nonvolatile memory device for the semicon-
ductor memory device 820. Additionally, the nonvolatile
memory device may be a multi-chip package having flash
memory chips.

The memory controller 810 includes the semiconductor
devices described above with reference to FIGS. 1 through 7.
As such, FIG. 8 illustrates memory controller 810 including a
semiconductor device 816. The memory controller 810 con-
trols the semiconductor memory device 820, and may include
an SRAM 811, a CPU 812, a host interface 813, an ECC 814
and a memory interface 815. The SRAM 811 is used as an
operation memory of the CPU 812, the CPU 812 performs
control operation for data exchange of the memory controller
810, and the host interface 813 has data exchange protocol of
a host accessed to the memory system 800. The ECC 814
detects and corrects error of data read from the semiconductor
memory device 820, and the memory interface 815 interfaces
with the semiconductor memory device 820. The memory
controller 810 may include further ROM for storing data for
interfacing with the host, etc.

The memory system 800 may be used as a memory card or
a solid state disk SSD by combination of the semiconductor
memory device 820 and the memory controller 810. In the
event that the memory system 800 is the SSD, the memory
controller 810 communicates with an external device, e.g.
host through one of various interface protocols such as USB,
MMC, PCI-E, SATA, PATA, SCSI, ESDI, IDE, etc.

FIG. 9 is a view illustrating a computing system according
to an embodiment of the present invention.

InFIG. 9, the computing system 900 of the present embodi-
ments may include a CPU 920 connected electrically to a
system bus 960, a RAM 930, an output device 940, an input
device 950 and a memory system 910. In case that the com-
puting system 900 is a mobile device, a battery (not shown)
for supplying an operation voltage to the computing system
900 may be further provided. The computing system 900 of
the present invention may further include an application
chipset, a CMOS image processor CIS, a mobile DRAM, etc.

The output device 940 may be a self-contained display in
the case of a portable electronic device. The input device 1650
may be a physical keyboard or a virtual keyboard in the case
of a portable electronic device, and may further include,
without limitation, a trackball, touchpad, or other cursor con-
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trol device combined with a selection control, such as a push-
button, to select an item highlighted by cursor manipulation.
The memory system 910 may include a semiconductor
memory device 912 and a memory controller 911 as
described in FIG. 8.

In accordance with the embodiments of the present inven-
tion, it is possible to solve the data damage issue caused by
word line disturbance occurring in the semiconductor
memory device.

Although various embodiments have been described for
illustrative purposes, it will be apparent to those skilled in the
art that various changes and modifications may be made
without departing from the spirit and scope of the invention as
defined in the following claims.

What is claimed is:

1. A semiconductor device comprising:

a controller configured to control a first memory device to

process a request for the first memory device; and

a second memory device;

wherein the controller receives the request for the first

memory device, determines a data damage risk of cells
connected to a second signal line adjacent to a first signal
line of the first memory device corresponding to a
requested address by referring to information indicating
a data damage risk, and stores data of the cells connected
to the second signal line in the second memory device
when determining that there is a data damage risk.

2. The semiconductor device of claim 1, wherein the con-
troller processes the request on the second memory device
instead of the first memory device, when data corresponding
to the requested address exist in the second memory device.

3. The semiconductor device of claim 1, wherein the con-
troller updates the information indicating the data damage
risk when determining that there is no data damage risk.

4. The semiconductor device of claim 1, wherein the con-
troller suspends processing the request for the first memory
device when there is the data damage risk.

5. The semiconductor device of claim 4, wherein the con-
troller resumes processing the request for the first memory
device after the data is stored in the second memory device.

6. The semiconductor device of claim 1, further comprising
a third memory device configured to store the information
indicating the data damage risk.

7. The semiconductor device of claim 1, wherein the first
memory device comprises a volatile memory device.

8. The semiconductor device of claim 7, wherein the con-
troller resets the information indicating the data damage risk
when a refresh operation was performed on the first memory
device.

9. The semiconductor device of claim 1, wherein the infor-
mation indicating the data damage risk comprises a number
of selections for the first signal line.

10. The semiconductor device of claim 9, wherein when
the number of selections for the first signal line exceeds a
critical point, the controller determines that there is a data
damage risk.

11. The semiconductor device of claim 9, wherein the
controller resets the number of selections for the first signal
line when determining that there is the data damage risk.

12. The semiconductor device of claim 9, wherein the
controller updates the number of selections for the first signal
line when determining that there is no data damage risk.

13. The semiconductor device of claim 1, wherein the
information indicating the data damage risk comprises a
count value for the second signal line.
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14. The semiconductor device of claim 13, wherein when
the count value for the second signal line exceeds a critical
point, the controller determines that there is a data damage
risk.

15. The semiconductor device of claim 13, wherein the
controller resets the count value for the second signal line
when determining that there is the data damage risk.

16. The semiconductor device of claim 13, wherein the
controller updates the count value for the second signal line
when determining that there is no data damage risk.

17. The semiconductor device of claim 16, wherein the
controller resets the count value for the first signal line when
determining that there is no data damage risk.

18. The semiconductor device of claim 1, wherein the first
and second signal lines comprise a word line.

#* #* #* #* #*
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